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L i k e  a frontier, the cell membrane has two "sugar binding site" (6). By gene sequenc- 
complementary functions: isolation of the ing, the two sites were shown to be partially 
cell cytoplasm from the outside by a phos- overlapping. Because the phage receptor site 
pholipid bilayer and control of exchanges was thought to be exposed on  the cell sur- 
between the cell and the environment by face and the sugar binding site was assumed 
protein transporters. Transporters are enzymes to be within the channel, it was proposed 
that catalvze the transmembrane movement that the overlau could corresuond to a "fil- 
of their substrate. In the simplest case, the 
transporter behaves as a passive pore, and 
the driving force for transport is diffusion 
down a concentration eradient of substrate. - 
More elaborate transporters move their sub- 
strates against a concentration gradient with 
the help of energy-coupling mechanisms (1 ). 

Transuorters are trans-membrane uro- 
teins, so that their x-ray structures are diffi- 
cult to determine. Porins, a class of bacterial 
pores located in the protective outer mem- 
brane (OM) of Gram-negative bacteria such 
as Escherichia coli, are something of a n  ex- 
ception, because they are produced in large 
amounts, can be purified in their active form 
from bacterial OMS, and are robust. T o  elu- 
cidate the functions of porins is not only im- 
portant in understanding transport; it is also 
critical medicallv as it mav reveal how to 
subvert these pro;eins with specially devised 
antibiotics. 

Recently, the x-ray structures of several 
general porins have been established (2, 3). 
These are porins for which n o  substrate 
binding site was known and that transport 
hydrophilic compounds according to mo- 
lecular weight (usually less than 600) or 
charge. Now, Schirmer and co-workers re- 
port in this issue the structure of a specific 
porin (4) which, in  addition to behaving 

ter," located at  the cell surface and partici- 
pating in the access of the sugar to the bind- 
ing site, possibly by orienting the sugar (7). 
The  new x-ray structural model provides 
material support to these notions and con- 
firms the general three-dimensional organi- 
zation of porins. 

Active maltoporin is a trimer; the mon- 
omer is an 18-strand P barrel, rather than 
the 16-stranded structure of general porins. 
Each monomer contains a n  independent 
channel, as predicted by biochemical (8) and 
genetic (9) experiments. [All three monomers 
of a trimer are needed for phage adsorption 
( 1 Oh1 The  connections between successive . ,. 
strands toward the cell surface are long loops, 
whereas the periplasmic connections are turns. 
The third surface loop, L3, is entirely folded 
into the barrel, while L1 and L6 from the 

same monomer and L2 from a n  adjacent 
one fold inward to different extents, form- 
ing a constriction toward the middle of the 
channel. The other loops form a sort of um- 
brella covering the entrance of most of the 
channel. Thismay be why an effect of loop 
L9 on  transport was detected (1 1). Malto- 
porin has about 100 more residues than the 
general porins of known structure. This ac- 
counts for the two extra p strands, for the 
larger size of some of the loops, and possibly 
for the substrate specificity. 

This model leads to an attractive hypoth- 
esis for specific diffusion. There is a series of 
six aromatic residues that comuose a left- 
handed helical path from the k l e t  to  the 
outlet of the channel. This path (the "greasy 
slide") guides the diffusion of the sugar by vir- 
tue of stacking interactions. Other, mostly 
ionizable residues in the vicinity of the path 
could account for the stereospecificity of the 
channel; binding would occur at  the con- 
striction zoae. Maltopentose has a length of 
about 25 A while the sm2llest diameter of 
the channel is about 5 A. T h e  passage of 
such a sugar through maltoporin is more like 
the movement of a spaghetti strand than of 
a ball. T h e  initial orientation could be en- 
sured by the filter. 

The  x-rav model urovides some clues as 
to the validity of previous models proposed 
for the foldine of LamB. Essentiallv all ex- 
perimental apYproaches, including the newly 
devised insertion and detection of foreign 

like a general porin, discriminates in a more Outer 
sophisticated way, binding and specifically membrane 

transporting maltose and maltodextrins 
(uolvmers of two or more elucose units). .. ! " 

This porin-variously called lambda recep- 
tor. LamB urotein. or maltouorin-has al- 
ready been'the obiect of intinsive genetic 
and functional studies. 

LamB was initially identified as an O M  
protein needed for infection bv the bacterial 
iirus lambda and containing 'the virus "re- 
ceptor site." Concurrently, it was shown 
that the LamB urotein was involved in the 

~~ on sugat binding and tranqml 
F o r e i g n ~ ~ o n c e # w r f a c e  

entry of maltose and maltodextrins into E. 
coli-hence its other name, malto~orin.  T h e  
binding of substrates, a prerequisite for their 
specific diffusion, led to  definition of the 
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Schematic of the maltoporin monomer. The 421 amino acid residues are oriented from right 
(amino terminus) to left (carboxyl terminus). The barrel corresponding to a monomer has been 
opened and flattened on the page. Thick lines, residues in transmembrane P strands; thin lines, 
loops and turns. The triangles and arrows designate regions assumed to be near or at the cell sur- 
face [data reproduced from (7, 12) and references therein]. Original courtesy of T. Schirmer. 
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antigenic determinants (12), have led to 
correct conclusions about the topology of 
LamB (see figure). Most of the residues de- 
tected as part of the maltodextrin binding 
site are located within the channel, al- 
though often in the inward parts of loops. 
Secondary structure predictions, by them- 
selves, were poor in establishing correct to- 
pology; recent methods based on the three- 
dimensional structures of other porins were 
more successful (8) but still predicted 16 
transmembranous strands instead of 18. 

This model raises interesting questions. 
How does the helical path work? How do 
other sugars that appear to rely on  LamB for 
growth in limiting conditions (13) diffuse? 
How would a filter work? Is it an early weak 
binding site? The  notion that the general 
porins may generate a local electric field 
near the channel constriction, sufficient to 
orient small hydrophilic molecules and re- 
pel hydrophobic ones (2),  suggests that 
there is only a quantitative difference be- 
tween binding sites and filters. What  is the 

role of the umbrella? Does it orotect the 
channel and binding site from noxious 
agents or from phages (the loops of the um- 
brella are the parts of LamB that are the 
most variable between bacterial soecies)? 
Do the loops move in vivo and thus con- 
tribute to the motion of the sugar? Is there a " 

structural connection between LamB and 
other comoonents of the maltose transoort 
system? What  exactly is the phage recep- 
tor-a binding site for the phage or an ac- 
cessibility gate to the real, possibly yet un- 
detected, binding site (14)? How does this 
fast, tight interaction succeed in firmly at- 
taching two large structures such as a bacte- - - 
ria and a phage? Is there a relation between 
the pathway followed by the phage DNA 
upon infection and LamB organization? As 
usual, a nice achievement in science pro- 
vides at least as many questions as answers. 
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Defects in the Barrier 
Dennis Roop 

T h e  skin is a physical barrier a t  the inter- 
face between an organism and its environ- 
ment-preventing water loss and with- 
standing mechanical, chemical, and micro- 
bial assaults. T o  perform these functions, 
the outer layer of the skin (the epidermis) 
undergoes keratinization, a process in which 
epidermal cells progressively mature from basal 
cells with proliferative potential to lifeless 
flattened squames of the stratum corneum. 
During this differentiation, certain genes 
are activated while others are down-regu- 
lated-leading to changes in both structural 
proteins and in the expression and activa- 
tion of enzymes that control posttransla- 
tional modifications, metabolic changes, and 
lipid synthesis. A defect in any one of these 
structural components or enzyqatic pro- 
cesses has the potential to impair the barrier 
function of the skin and cause disease. 

Surprisinglyl the phenotypic conse- 
quences of defects in many of these diverse 
processes can be very similar-resulting in 
the keratinization disorders known as the 
ichthyoses, characterized by thickened and 
scaly skin (1 ): Recessive X-linked ichthyosis 
(RXLI) is caused by a deficient enzyme of 
cholesterol metabolism (steroid sulfatase) 
(2); the epidermolytic ichthyoses-epiderm- 
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olytic hyperkeratosis (EHK), epidermolytic 
palmoplantar keratodemia (EPPK), and ich- 
thvosis bullosa of Siemens (1BS)-are caused ~, 

by defects in structural proteins (keratins) 
(3); and as reported in this issue of Science 
by Huber et al. (4),  lamellar ichthyosis (LI) 
is due to defects in an enzvme that catalvzes 
cross-linking of proteins i; the upper laiers 
of the epidermis (a transglutaminase). How 
can defects in genes that encode proteins 
with such different functions oroduce skin 
disorders that are clinically so similar? 

The  epidermis is a perpetually renewing 
tissue, comprised of four histologically distinct 
cellular lavers. each with a distinct matura- 
tion state bf the keratinocyte, the major cell 
type of the epidermis (see figure). Keratino- 
cytes arise from stem cells in the basal layer, 
and move through a series of differentiation 
events until they are finally sloughed into 
the environment (desquamation). Thus in 
the normal epidermis, there is a balance be- 
tween the processes of proliferation and de- 
sauamation that results in a com~lete  renewal 
approximately every 28 days. In the ichthy- 
oses. the rate of desauamation mav decrease. 
leading to epidermal cell retention (hyper: 
keratosis). or there mav be an increase in , , 

proliferation, which furiher exacerbates the 
build uo of skin cells in these oatients (or 
both processes may occur simultaneously.) 

Keratins are major structural proteins 
synthesized in k e r a t i n ~ c ~ t e s .  They assemble 

into a weblike oattern of intermediate fila- 
ments (IFs) that emanate from a perinuclear 
ring, extend throughout the cytoplasm, and 
terminate at junctional complexes called des- 
mosomes and hemidesmosomes (5). Keratin 
IFs are essential for maintaining the integri- 
ty of the epidermis; mutations in six keratin 
genes result in four distinct epidermal dis- 
eases (3). All of these disorders are charac- 
terized by blistering, with lesions originat- 
ing at  the site of synthesis of the mutant 
keratin: Epidermolysis bullosa simplex (EBS) 
shows mutations in the basal layer keratins 
K5 or K14; EHK has spinous layer K1 or 
K10 defects; IBS has granular layer K2e de- 
fects: and EPPK has.eranular laver K9 de- 
fects'that are restrictez to palma; and plan- 
tar epidermis. Interestingly, only those dis- 
eases with defects in upper layer keratins 
(EHK, IBS, EPPK) exhibit hyperkeratosis, 
or a thickening of the stratum corneum. 
Whv keratinization disorders onlv result from 
defects in keratin genes expressed in the dif- 
ferentiated lavers of the e~idermis is not 
clear, but the& are some clies. Lysis of dif- 
ferentiated keratinocytes may release cyto- 
kines involved in the wound response such 
as transforming growth factor a (TGF-a). 
Given that TGF-a  and its receptor are up- 
regulated in EHK lesions (6) and that over- 
expression of TGF-a in the epidermis of trans-, 
genic mice produces a marked hyperkera- 
tosis (7 ) .  it is likelv that TGF-a  contributes ~ , ,  

to this aspect of the disease. In addition, 
during the final stages of normal differen- 
tiation, keratin IFs are aligned into highly 
ordered and condensed arrays through inter- 
actions with filaggrin, a matrix protein (8). 
In the keratin disorders, the IF networks 
collapse around the nucleus, preventing at- 
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